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1	Introduction
During	the	operations	and	maintenance	phase,	Facilities	Management	(FM)	teams	often	spend	considerable	time	and	effort	collecting	information	from	various	combinations	of	electronic	data	and	hardcopy	documents.	There	is











































Firstly,	 we	 conducted	 a	 keyword	 search	 in	 the	 Scopus	 database	 using	 different	 keywords:	 (1)	 “BIM”;	 (2)	 “Building	 Information	Modeling”;	 (3)	 “Building	 Information	Modeling”;	 (4)	 “FM”;	 (5)	 “Facility	Management”;	 (6)















Journals 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
Automation	in	Construction 1 0 0 1 2 5 6 3 1 6 7 32
Advanced	Engineering	Informatics 1 0 1 1 0 3 0 1 1 1 4 13
J.	of	Computing	in	Civil	Engineering 0 0 0 0 0 1 1 0 3 2 1 8
Built	Environment	Project	and	Asset	Management 0 0 0 0 0 0 0 6 0 1 0 7
J.	of	Information	Technology	in	Construction 0 1 0 0 0 2 0 1 1 1 1 7
Facilities 0 0 0 0 1 0 2 0 2 0 1 6
J.	of	Management	in	Engineering 0 0 0 0 0 0 1 0 2 0 1 4
Building	and	Environment 0 0 0 0 0 0 0 1 0 1 1 3
Buildings 0 0 0 0 0 0 0 2 1 0 0 3
J.	of	Building	Engineering 0 0 0 0 0 0 0 0 0 0 3 3
J.	of	Construction	Engineering	and	Management 0 0 0 1 1 0 0 0 0 1 0 3
Structural	Survey 1 0 0 0 0 0 0 1 1 0 0 3
Fig.	2	BIM	for	FM	articles	published	over	the	last	decade.
alt-text:	Fig.	2
The	Scientific	World	Journal 0 0 0 0 0 2 1 0 0 0 0 3
Advances	in	Engineering	Software 0 0 0 0 0 0 0 0 1 0 1 2
Applied	Energy 0 0 0 0 0 1 0 0 0 0 1 2
Computers	in	Industry 0 0 0 0 0 0 2 0 0 0 0 2
Engineering,	Construction	and	Architectural	Management 0 0 0 0 0 0 0 0 1 1 0 2
International	Journal	of	Building	Pathology	and	Adaptation 0 0 0 0 0 0 0 0 0 0 2 2
J.	of	Architectural	Engineering 0 0 0 0 0 1 0 0 0 1 0 2
J.	of	Performance	of	Constructed	Facilities 0 0 0 0 0 0 0 0 1 1 0 2
Renewable	&	Sustainable	Energy	Reviews 0 0 0 0 0 0 0 0 0 1 1 2
Architectural	Engineering	and	Design	Management 0 0 1 0 0 0 0 0 0 0 0 1
Advances	in	Civil	Engineering 0 0 0 0 0 1 0 0 0 0 0 1
Applied	Sciences 0 0 0 0 0 0 0 0 0 0 1 1
Building	Research	and	Information 0 0 0 0 0 0 0 0 0 1 0 1
Construction	Management	and	Economics 0 0 0 0 0 0 0 1 0 0 0 1
Energies 0 0 0 0 0 0 0 0 0 1 0 1
Expert	Systems	with	Applications 0 0 0 0 0 1 0 0 0 0 0 1
J.	of	Corporate	Real	Estate 0 0 0 0 0 0 0 0 0 0 1 1
J.	of	Facilities	Management 0 0 0 0 0 0 0 0 0 0 1 1
KSCE	Journal	of	Civil	Engineering 0 0 0 0 0 0 0 0 0 0 1 1
Science	and	Technology	for	the	Built	Environment 0 0 0 0 0 0 0 0 0 1 0 1
Sustainable	Cities	and	Society 0 0 0 0 0 0 0 0 0 1 0 1
Energy	and	Buildings 0 0 0 0 0 0 1 0 0 0 0 1
Total	per	year 3 1 2 3 4 17 14 16 15 21 28 124
Over	the	ten-year	period	under	review,	and	based	on	our	selection	criteria,	the	largest	number	of	publications	in	the	field	of	BIM	for	FM	were	published	in	“Automation	in	Construction”	with	32	of	the	total	selected	articles.
This	was	followed	by	“Advanced	Engineering	Informatics”	(13	articles),	and	“Journal	of	Computing	in	Civil	Engineering”	(8	articles).	Interestingly,	these	three	journals	published	43%	of	the	total	selected	articles	and	from	2013	they	all









Citations Article Author Journal Year
357 Building	Information	Modeling	(BIM)	for	existing	buildings	-	Literature	review	and	future	needs Volk	et	al. Automation	in	Construction [15]







135 Towards	building	information	modeling	for	existing	structures Arayici,	Yusuf Structural	Survey [87]
129 IFC	and	building	lifecycle	management Vanlande	et	al. Automation	in	Construction [51]
110 BIM	implementation	throughout	the	UK	construction	project	lifecycle:	An	analysis Eadie	et	al. Automation	in	Construction [103]
98 Building	operation	and	energy	performance:	Monitoring,	analysis	and	optimisation	toolkit Costa	et	al. Applied	Energy [80]
97 A	knowledge-based	BIM	system	for	building	maintenance Motawa,	and	Almarshad Automation	in	Construction [73]
76 Imaged-based	verification	of	as-built	documentation	of	operational	buildings Klein	et	al. Automation	in	Construction [88]















Themes 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
Information	Management 1 1 2 1 1 7 4 4 5 11 10 47
BIM	in	FM 1 0 0 1 1 4 3 6 3 2 4 25
Maintenance	Management 0 0 0 0 0 3 1 2 4 2 2 14
Energy	Management 0 0 0 0 0 1 0 1 0 1 3 6
Existing	Buildings'	Audits	&	Surveys 1 0 0 1 1 1 2 1 0 0 2 9
Engagement	of	FM	in	Design	Stage 0 0 0 0 1 1 1 1 1 0 0 5
Refurbishment/Retrofit 0 0 0 0 0 0 1 0 2 0 2 5
Health	&	Safety	Management 0 0 0 0 0 0 0 2 0 0 0 2





information	management,	mainly	because	of	 the	various	FM	 information	 systems,	which	 lack	 interoperability	between	each	other	 [19].	BIM	offers	 opportunities	 to	 improve	 facility	 information	management	by	providing	a	unified
Fig.	6	Content	analysis	results.
alt-text:	Fig.	6
platform	for	various	data	sources	needed	 for	daily	O&M	activities.	Among	many	unresolved	 issues	 that	need	 to	be	addressed	 for	successful	BIM	 implementation,	 information	exchange	and	 interoperability	 remain	 the	main	 issues


















examining	 a	 real-world	 case	 study,	where	BIM	open	 standards,	 namely	 “COBie”	were	used	 for	 the	 information	 exchange	process	 [58].	 In	 this	 study,	 the	 authors	 reported	 the	 shortcomings	 of	 the	 existing	 data	 open	 standards	 and	 specifications	 and
recommended	more	case	studies	to	provide	further	insights	into	the	evolving	field	of	BIM	in	FM.
Within	this	context,	there	are	47	articles	which	tackled	facilities	information	management	using	BIM	in	different	ways.	Interestingly,	58%	of	the	selected	articles	were	published	between	2016	and	2018,	which	makes	this	the	fastest	growing	among
the	categories.	The	earliest	attempts	 in	 this	 field	started	 in	2008	with	a	 focus	on	 the	basic	concept	of	creating	BIM	objects'	 information	and	 libraries	 to	 include	 facility	 information	 in	a	BIM-IFC	 file.	 In	2013,	 the	 trend	shifted	 towards	 integration	of
information	between	BIM	models	and	external	data	sources.	The	evolution	in	facilities	information	management	continued,	using	different	techniques	to	collect	and	retrieve	information,	until	2016	when	the	focus	of	the	research	became	more	specific	and

























maintenance	problems	[73,74].	Other	 attempts	 focused	 on	 developing	 automated	 approaches	 to	 define	 possible	 causes	 and	 retrieve	 related	 information	 to	 facilitate	 the	 process	 of	HVAC	 troubleshooting	 [75,76].	Other	 automated











can	collect	data	 from	different	stakeholders	during	different	phases	and	 integrate	 the	collected	data	with	data	 from	different	energy	management	systems	 for	 further	analysis.	However,	our	review	shows	that	very	 little	research
focused	 on	 using	BIM	 for	 facilities'	 energy	management.	 The	 very	 few	 identified	 studies	 presented	 different	 approaches	 to	 BIM	 implementation	 in	 energy	management,	which	 included:	 using	BIM	 for	monitoring,	 analysing	 and


































2008	and	2018,	were	 identified	and	reviewed.	Existing	 literature	gaps	and	 future	agenda	have	been	outlined.	The	content	analysis	of	 the	existing	 literature	shows	 that	current	 research	 tends	 to	 focus	on	BIM-based	 technologies
integration	to	enhance	FM	practice,	rather	than	resolving	the	issues	regarding	facilities	information	management,	which	is	considered	as	the	backbone	for	successful	FM	practice.	Moreover,	the	main	concept	behind	extending	BIM
implementation	to	the	O&M	phase	is	to	utilise	the	benefits	of	BIM	capabilities	as	a	data	conduit	that	can	solve	the	interoperability	issue	between	the	various	FM	systems.	Although	the	research	trends	and	patterns	reveal	that	there	is	a
continuously	growing	 interest	 in	 facilities	 information	management	using	BIM,	and	a	 steep	 rise	 in	 the	number	of	publications	during	 the	 last	 three	years	on	 identification	of	 information	 requirements	and	 integration	of	different
information	sources,	nevertheless,	a	seamless	information	exchange	process	between	BIM	and	FM	systems	does	not	yet	exist.	A	successful	implementation	of	BIM	in	FM	requires	a	seamless	information	exchange	between	the	different
BIM-FM	systems.	Once	the	 information	 is	transferred	and	shared	between	the	different	BIM-FM	systems	seamlessly,	any	other	solution	can	be	possible.	However,	 in	our	review	we	identified	very	few	attempts	to	transfer	building
information	between	different	FM	systems	such	as	the	CMMS	and	BAS	using	BIM	as	a	data	conduit.	The	main	focus	of	the	studies	was	on	providing	real-time	data	access,	rather	than	a	process	for	seamless	information	exchange	to
overcome	the	interoperability	issue	between	BIM	and	FM	systems.	Our	review	of	the	current	literature	concluded	that	a	successful	implementation	of	BIM	in	FM	can	be	achieved	with	(1)	a	seamless	information	exchange	process
between	BIM	and	FM	systems,	 (2)	 a	 holistic	 guidance	 that	 encapsulates	 all	 the	FM	 information	 required	 for	 efficient	 operations	 across	 all	 systems	 and	building	 types,	 (3)	 a	well-defined	 information	quality	 process	 that	 ensures
owner/FM	needs	are	considered	carefully	in	BIM	models,	(4)	a	set	of	standardized	practical	processes	to	integrate	different	information	sources	related	to	maintenance	management	and	health	&	safety	management	tasks,	to	provide	a
rich	semantic	database	to	support	FM	systems,	(5)	a	standardized	process	for	feedback	loops	between	operations	and	design	phases	to	provide	rich	actual	feedback	to	support	efficient	facilities	design,	and	(6)	more	real-world	case
studies	to	investigate	the	current	status	of	BIM	implementation	in	FM.	Finally,	it	is	hoped	that	this	paper	will	contribute	to	further	developing	a	seamless	information	exchange	process	between	BIM	and	FM	systems	to	overcome	the
interoperability	issue	and	facilitate	BIM	implementation	in	FM.	Notwithstanding	the	strengths	of	this	study,	one	limitation	of	this	review	is	that	it	focuses	only	on	the	O&M	phase.	Further	review	studies	should	extend	the	discussion	to
review	the	information	exchange	and	interoperability	issues	throughout	the	whole	building	life	cycle.	BIM	implementation	in	FM	will	remain	a	growing	area	of	research	for	many	years	to	come.	Developments	in	this	area	require	joint
efforts	of	academia	and	industry	practitioners	to	overcome	the	current	challenges.
Appendix	A.	Supplementary	data
Supplementary	data	to	this	article	can	be	found	online	at	https://doi.org/10.1016/j.jobe.2019.100755.
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